Inter-observer agreement is essential to medical staff members and has a major effect on communication. The goal of the study was to examine the way medical professionals evaluate the potential severity of Almost Adverse Events (AAEs) that were observed in two intensive care units (ICUs). One hundred and fourteen AAEs were observed and recorded in both units by engineering students. Each AAE was rated independently by five senior medical staff members from each ICU, chosen by the unit manager, on a three-point severity level scale. Statistical analysis (K statistic and Cohen's Kappa) yielded relatively low levels of agreement among raters in both ICUs (< 0.3), but significantly greater agreement was found among nurses than among physicians in both ICUs. Low levels of agreement are attributed to the nature of work and characteristics of each ICU. Recommendations for improving agreements including forming shared mental models are specified.
INTRODUCTION
The Institute of Medicine's 2000 report on patient safety identified medical errors as a significant contributor to patient morbidity and mortality in adults, with an estimated at least 44,000 deaths per year caused by medical adverse events as a result of erroneous medical interventions [1] . One way to minimize the prevalence of medical errors is to learn more from near misses. Near misses, also termed almost adverse events (AAEs), are defined as errors that did not have severe clinical sequelae for the patient [2] . AAEs can be used as a useful knowledge base that enables practitioners to study and prevent medical human errors before they cause severe outcomes.
Severity assessment of medical cases is one of the important tasks that medical practitioners are involved in as it determines the course of patient care. Nevertheless, there is a question of how reliable medical staff members are in assessing the potential severity of medical events. Wrong assessment of severity can lead to inappropriate medical treatment. Measuring Inter-observer agreement can be used as a method to examine this issue.
In general, studies that examined inter-observer agreements tend to focus on discrepancies in observations of signs and symptoms and in medical diagnosis [3] [4] [5] . The few studies that addressed the issue of severity evaluations of medical adverse events did so by comparing two or more severity models or objective scoring systems [6] [7] [8] .
Possible sources of inter-observer discrepancies include differences in the training, culture and roles that different observers may have. When these differences are significant, they can have significant clinical implications such as communication problems that can lead to adverse events.
Badihi [9] investigated the formal structure of thinking and its implications for communication and performance errors by examining the thinking style and knowledge structure of physicians and nurses in an ICU, and found differences in thinking style between nurses and physicians; physicians tended to filter information according to their initial perception of the situation, whereas nurses updated their understanding of the clinical situation more often. It is suggested that communication failures between physicians and nurses may stem from differences in the way of processing and collecting data, and from the fact that the information exchanged in physicians-nurses interactions is not compatible with the information needed [9] .
Joshua et al. [10] reviewed the literature on the accuracy and reliability of physical examinations and common clinical signs in areas such as cardiovascular, respiratory, gastroenterological, and neurological examinations. They found wide variations in inter-observer agreements for different physical signs including sensitivity, specificity and reproducibility. Variations in inter-observer agreement reflects factors such as difficulty in perceiving signs, differences in training and experience, task complexity and increasing reliance on diagnostic tests. This variation is added to the variation within and among patients and circumstances to create a complex setting for medical decision making and a possibility for error to occur [10] . Another research showed that physicians and nurses significantly disagree on who is responsible for patient safety, what constitutes a medical error, how these errors should be reported, and what actions are needed to prevent them in the future [11] .
The current study was part of a long term project that assessed the nature of AAEs in ICUs [12] . The study relied on multi-disciplinary cooperation between medical professionals and human factors engineers to examine the way medical professionals 358
Inter-Observer Agreement Among Medical Professionals in Critical Care of Neonates and Children evaluate the potential severity of AAEs in two ICUs. In this study, we referred to low inter-observer agreement as an aspect of communication failures, and hypothesized that nurses and physicians in ICUs disagree on the severity assessment of AAEs.
METHODS

Study Environment
The research was conducted in the Neonatal ICU (NICU) and the Pediatric ICU (PICU) in a large medical center. The NICU serves premature neonates and neonates with special health conditions that require intensive care. Thus, unlike the PICU, the NICU also includes infants that do not require intensive care. The unit admits approximately 600 infants per year, and has a yearly occupancy rate of 100%. Thirty registered nurses, all trained in neonatal intensive care, in addition to eight senior physicians, work in the NICU. Three physicians and 7 nurses work in the morning shift, and 1 physician and 5 nurses in the noon and night shifts in the NICU. There are 18 incubators and 6 beds in the NICU. The PICU has 8 beds for infants and children up to 18 years old, mostly with severe injuries or conditions that require continuous medical supervision. There are approximately 450 admissions per year with yearly occupancy rate over 100%. The unit has 20 registered nurses; most of them had specialized training in intensive care. The unit also has 4 physicians: 2 senior physicians trained in pediatric intensive care, a resident in Pediatrics, and a fellow in critical care Pediatrics. Three physicians and 4 nurses work in the morning shift, and 3 nurses and 1 physician in the noon and night shifts in the PICU.
Study Design and Procedures
In a period of 4 months, three senior Industrial Engineering & Management students performed a total of 500 hours of observations, in 62 8-hours shifts in both ICUs. Prior to data collection, the observers met several times with the medical staff of the ICUs to develop rapport and consistency in the observation and coding process. Meetings with staff members from both ICUs helped observers understand and recognize when an AAE occurred. To ensure consistency among the three observers, the initial observations were conducted in pairs. The senior engineering students were selected to conduct observation as bias-free as possible. The observers received permission to perform the observations from the local research ethics committee, the hospital management, and the medical staff members. The observers did not interfere with the daily work and did not speak with the staff members while observing their work; they documented every activity they saw in the units. The observations only focused on the medical staff members while they were performing their tasks, and not on the patients in the units; therefore permission from parents was unnecessary.
For the purpose of the study, an AAE was defined as an error that did not result in clinically significant adverse outcome [2] . The severity of each AAE observed in the NICU and the PICU was rated independently and anonymously by five medical staff members at each ICU, including three senior physicians and two senior nurses chosen by the ICU managers. The severity was rated on a three-point severity scale, where 1 represents an event that has no severe clinical implications or an event that could only cause a minor inconvenience to the patient, 2 represents an event that could potentially prolong the hospitalization or cause a severe illness, and 3 represents an event that could potentially result in the loss of a body organ, or a significant deterioration in patient's status that can lead to death. The severity scale was based on expert opinion and developed by medical professionals and human factors researchers for the specific purpose of the research and was not statistically validated against actual outcomes.
Each medical staff member received the AAEs descriptions prepared by the observers, and rated the severity based on personal opinion and experience. As soon as the task was completed, the files were returned to the researchers.
Data Analysis
Microsoft Excel and SPSS-11 were used to perform the statistical analysis and to assess numeric trends. Intraclass Correlation (ICC) was used to measure the level of agreement among physicians and nurses. There are two approaches to ICC: consistency and absolute agreement. The difference between consistency and absolute agreement measures how the systematic variability due to raters or measures is treated. If that variability is considered irrelevant, it is not included in the denominator of the estimated ICCs, and measures of consistency are produced. If systematic differences among levels of ratings are considered relevant, rater variability contributes to the denominators of the ICC estimates, and measures of absolute agreement are produced. In the current study, we used the consistency approach due to the fact that it is more suitable to Kappa statistic in our later analysis. K statistic was employed to measure the level of agreement among the physicians themselves and among the nurses themselves (quadratic weighting). The K statistic is based on a formula developed by Fleiss [13] , which provides a numerical measure of agreement among multiple raters. Cohen's Kappa coefficient was used to test levels of agreement between the two nurses in each unit, Cohen's Kappa is more suitable than Fleiss 13 K statistic to examine inter-observer agreement between two raters. The Kappa statistic measures the observed amount of agreement adjusted for the amount of agreement expected by chance alone. A value of −1.00 indicates complete disagreement, a value of 0 indicates that the agreement is no better than chance, and a value of +1.00 indicates a perfect agreement. In addition, Chi square analysis was performed in order to examine the differences between the two units in the staff members' ratings.
RESULTS
A total of 114 AAEs were observed and recorded: 49 events in the NICU and 65 in the PICU. It is important to note that descriptions of the AAEs were recorded without personal identifying information. Because of the different nature of the two ICU's, their results are presented separately.
Neonatal ICU
The inter-rater correlations between the physicians and the nurses were quite low in terms of inter-observer reliability. The intraclass correlation between the two nurses was 360
Inter-Observer Agreement Among Medical Professionals in Critical Care of Neonates and Children 0.49 (with 95% confidence interval from 0.25 to 0.68), the intraclass correlation among the three physicians was 0.36 (with 95% confidence interval from 0.18 to 0.53), and the intraclass correlation among all five caretakers was 0.37 (with 95% confidence interval from 0.24 to 0.52). The analysis of agreement yielded a Fleiss Kappa coefficient = 0.18 for the three physicians and Cohen Kappa coefficient = 0.27 for the two nurses. Both values were quite low indicating slight or poor agreement among the raters. A closer examination of the ratings showed that in 82% of the events, there was a disagreement among the five raters. In 31% of the AAEs, there was a disagreement in whether the event should be rated as severity scale 1 or 2. In 16% of the events, there was a disagreement in whether the event should be rated as severity scale 2 or 3. In 35% of the events, there was a disagreement in whether the event should be rated as severity scale 1 or 3. Table 1 summarizes the levels of agreement on the severity rating of the AAEs among the five raters. The table shows that there is a higher level of agreement between nurses than among physicians. Nurses disagreed by two points on the 3-point severity scale in only 6% of the AAEs, whereas physicians disagreed by two points on the severity scale in 22% of the AAEs. Figure 1 presents the distribution of severity ratings of AAEs by the NICU physicians and nurses. Note that for the data in Figure 1 , the total sample consisted of 98 data provided by the nurses (49 events × 2 nurses) and 147 data provided by the physicians (49 events × 3 physicians).
Pediatric ICU
The inter-rater correlations among the physicians and nurses were quite low in terms of measures of inter-observer reliability. The intraclass correlation between the two nurses was 0.62 (with 95% confidence interval from 0.44 to 0.75), the intraclass correlation among the three physicians was 0.16 (with 95% confidence interval from 0.01 to 0.33), and the intraclass correlation among all five raters was 0.37 (with 95% confidence interval from 0.25 to 0.49). The analysis of agreement yielded a Fleiss Kappa coefficient = 0.14 for the three physicians and Cohen Kappa coefficient = 0.29 for the two nurses. Both values were quite low indicating slight or poor agreement among the raters. A closer examination of the ratings showed a disagreement among the five raters in 78% of the events. In 40% of the AAEs, there was a disagreement in whether the event should be rated as severity scale 1 or 2. In 10% of the ratings, there was a disagreement in whether the event should be rated as severity scale 2 or 3. In 28% of the ratings, there was a disagreement in whether the event should be rated as severity scale 1 or 3. Table 2 summarizes the levels of agreement among the five raters on the severity rating of the AAEs. It shows no (0%) disagreements by two points of severity scale between nurses, and 9% of disagreements by two points of severity scale among physicians. Figure 2 presents the distributions of severity rating of the AAEs by the PICU physicians and nurses. Note that for the data in Figure 2 , the total sample consisted of 130 data from the nurses (65 events × 2 nurses) and 195 data from the physicians (65 events × 3 physicians).
At the PICU, 6% of the events were rated as category 3 by physicians, while at NICU, 20% of the events were rated as category 3 by physicians (χ 2 = 5.27, p < 0.05).
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Inter-Observer Agreement Among Medical Professionals in Critical Care of Neonates and Children Distributions of severity rating of AAEs by NICU physicians and nurses. At the PICU, 21% of the events were rated as category 3 by nurses, while at NICU, 17% of the events were rated as category 3 by nurses (there were no statistically significant differences between the two units in the nurses' ratings of category 3).
DISCUSSION
The findings of the current study are important as they reflect a problematic situation in which staff members working in the same medical environment perceive and assess the same clinical events quite differently. Nevertheless, there are a few possible limitations to the study. Medical staff members who rated the AAEs were part of the ICU teams and it is possible that they were involved in an AAE that they rated. Directly taking care of an AAE may affect the rater's severity rating. The present results show relatively poor agreement in AAE rating among caretakers in both ICUs, with better agreement between nurses than among physicians in both ICUs. For example, in one AAE in the NICU, all three physicians rated the event as one without severe clinical implications, whereas the two nurses rated it as a most severe event. In an AAE that occurred in the PICU, one of the physicians rated it as having no severe clinical meaning, whereas one of the nurses rated it as a most severe event. The other two physicians and the second nurse rated the event as one that could potentially prolong the hospitalization or cause a severe illness. Such levels of disagreement reflect differences in attitudes and views of the staff members towards the patient and the medical work procedures, and show that each staff member has a different mental schema or map regarding the situation or the work environment.
To understand the reasons for the differences between nurses and physicians and between units, we must consider the characteristics of each unit investigated, and the significant differences between those two medical work environments. Unlike the Distributions of severity rating of AAEs by PICU physicians and nurses.
Inter-Observer Agreement Among Medical Professionals in Critical Care of Neonates and Children PICU, the NICU is not officially defined as an ICU because it also admits infants that do not require intensive care. That means much of the NICU daily work includes medical care of patients that are not necessarily in critical or severe condition. This, in turn, can influence the general attitude towards the perceived severity of different situations in the NICU. Nevertheless, Physicians in the PICU rated the AAEs as severity scale 3 much less frequently (only 6% of the cases) than the nurses in the PICU and the staff (nurses and physicians) in the NICU. This finding may reflect the flip side of the coin when discussing the effects of working in a medical environment that is characterized by treating very critical and severe patients. Working in such an environment could affect judgment in the long term, resulting in underestimation of the more severe AAEs. However, it is necessary to emphasize that this is a hypothesis that requires a separate examination, as our findings showed that nurses in the PICU tended to rate AAEs as more severe in their judgments. The origins of the discrepancies found in our study may be rooted in the fundamental differences between nurses and physicians, including status/authority, gender, training, experience, patient care responsibilities, and other personal characteristics [14] . Croser [15] suggests that nurses tend to focus on the social histories of patients, to be more personally involved with patients, and to focus more on caring than curing. These differences in culture and the way nurses and physicians communicate can influence judgment in general, and severity assessment of clinical events in particular. Unfortunately, we do not have the data available to link the personal characteristics of the participating raters to their severity assessments of AAEs. Inter-observer discrepancies can have severe clinical implication because they reflect differences among care givers that can result in communication barriers.
Several countermeasures can be implemented to reduce disagreements among medical professionals, including teaching them how to share information and training in clinical working skills that can reduce individual differences and disagreements. When engaged in specific medical tasks, experienced, appropriately-trained physicians tend to agree among themselves more often than less experienced and less trained physicians [16, 17] . Physicians and nurses need to acknowledge the different ways to gather as much relevant information and signs as they can in the complicated process of diagnosing and assessing patients' state; this should lead to a shared mental model. Mental models are cognitive constructs allowing people to understand and predict the world around them, to recognize relationships among components of the environment, and to construct expectations regarding the near future [18] . Shared mental models are tools that provide team members with a common understanding of who is responsible for which tasks and what the information requirements for each task are. Shared mental models allow team members to anticipate one another's needs and to work in synchrony [19] . Minionis et al. [20] reported that when teams were completing subtasks that required teamwork, having a shared mental model resulted in improved performance. Forming shared mental models of the team, the task, and the informational requirements serves as an important mechanism for achieving efficient communications and improving team performance [19] .
